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1 . Introduction 
Jenss, R. M. and Bayley, N. (1937) attempted 
to fit a mathematical furiction ; yF (c+dt)-
exp (a-bt) : c; d, a, and b are constant and, t 
stands for age, to the growth curves of stature 
and body weight over O and 6 yars of age.This 
was the first attempt to express the' growth 
curve with a certain mathematical function. 
Then, Count, E. W. applied y= (a+bt) +c log 
(t) in 1942, and he also used y=P+K/ C I + 
exp { -b(t-c)}] ; Iogistic function, in 1943 to 
express the growth curves of stature and skull 
dimensions over O and 6 years old. Meredith, H. 
V. (1958) used y=atb for the growth Curves of 
body linearity and body bulk attributes over 5 
and 12 years old. Deming, J. (1957), Laird, A. K. 
(1967) used y=P+Kexp {-b(t-c)} : Gompertz 
function, for the growth curves of body lineari-
ty and bulk attributes. Furthermore~ Deming, J. 
and Washburn, A. H. (1963). Manwani, A. H: 
and Agasrwal, K. W. (1973) used the same 
function as Jenss and Bayley used in 1937 for 
the growth curves of body linearity and bulk 
attributes over O and 8 years of age and also 
over O and 48 weeks. Tanner. J. M. et al. (1956) 
used the same function as Count, E. W (1942) 
used for the growth curves of physique, over O 
and 5 years old, and Marubini, E., et al. (1971, 
1972) applied the logistic function to the 
physique growth curves during the adolescence. 
Furthermore, Vahdenberg, S. GJ and Falkn~r. F. 
(1965), Welch, Q. B. (1970), and Goldstein, H. 
(1971) applied the polynomials to the short-term 
growth curves of physique, ~nd Tanner, J. M. 
(1976) reported that 3rd-degree polynomial 
fitted best to them. Matsuura. Y. (1960) 
attempted to fit logistic function to the stature 
growth curve over O and 21 years of age, and 
reported that it fitted considerably well over 3 
and 10 years old but relatively large amount of 
error was found in the adolescent spurt term. 
Bock, R. D., et al. (1973) proposed=the compo-
site of two logistic functions to fit the growth 
curve of stature in = the term from one to 
maturity. Furt emore, Preece, M. A. and 
,Bain , M. J. (1978) reported three kinds of 
model to describe the individual grbwth curve 
of stature. A11 members of this model were 
derived from the following differential equa-
tio  : 
dP/dt=S(t) (P,-P) 
where Po is adult stature and S(t) is a 
function of t ; say, .age. 
They reported that all members of model 
generally simulated the shape of the individual 
growth curve of stature better than anything 
else available at present and they were certain-
ly better than that of Bock et al. (1973). 
Several attempts to fit some mathematical 
functions to 'the growth curves have been 
worked out so far, but all of them tried only for 
physiqu  growth curves in some short terms. 
Most of them applied a single functioh or the 
c mposite of linear and exponential or linear 
and logistic functions but Preece et al.･ (1978). 
For physical fitness or motor , ability 
elements, no attempts have been worked out at 
all so far. Therefore, this study was designed to 
describe the developmental curves of several 
motor abilities in rather longer term with a 
single or some composite function of several 
mathematica  functions, and to investigate the 
raits of motor ability development. , 
2 . Methods 
Th ee motor abilities were selected to 
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investigate ; 100m dash as running ability, 
running long jump as jumping ability and 
softball throw for distance as throwing ability. 
The data for developmental distance curve~ ; , 
distance curve means so-called developmental 
one and this terminology is used hereafter to 
distinguish from the developmental velocity 
curve, were determined through taking moving 
,,, average on the standard values cited from 
' "Physical fitness standard of Japanese, 3rd ed." 
edited by Tokyo Metropolitan University 
(1982). These data were over 6 and 35 years old 
for 100m dash, 3 and 32 for running long jump 
and softboll throw for distance. The first and 
last ages were different in each of attribute 
because of lack of data and purpose of securing 
the distance data for 30 years. Thus, the 
growth and developmental distance curves for 
30 years were investigated. They included such 
three phases as increasing, peak level, and 
decreasing processes. 
It was assumed that the developmental 
velocity is proportional to the developmental 
distance but its proportial coefficient decreases 
due to a certain function of distance. This 
assumption can be expressed in the following 
differential equation ; 
dP/dt= {m-f (P) }P (1) 
where P stands for developmental distance, 
and m for proportional coefficient. 
Here, assuming f (P) = kP, where k stands for 
proportinal coefficient, equation (1) is rewritten 
as follows ; 
dP/dt= (m-kP) P (2) 
f (P)=kP means that the proportional coeffici-
ent ; so-called developmental quotient, de-
creases in proportion to the distance. Then, the 
logistic function is derived from this differential 
equation (2) ; that is, 
P=K/ C1+exp {ip (t)}] , (3) 
where c (t) a +a t+a2t +･･････a*t~. 
This equation s called the generalized logis-
tic fu.nction. As long as the developmental 
distance curves investigated in increment of one 
year, it can not be assumed that the distance 
curve re ches the peak level as repeating the 
increasing and decreasing processes, just like 
vibr ting curve tending to the peak level, so a 
linear from ; ip (t) =a0+alt, can be reasonably 
assumed. , : Thus, the logistic function used in this study 
was as follows ; 
P = K/{1 +exp (ao +alt)} (4) 
Then, this was reformed into the following 
form for omputational convenience ; 
P=K/{1+m exp ( at)} (5) 
where K, m a d a are constant and t stands 
for year. 
The func ion (5) was' determined with the 
f llowing procedures. ' 
Differentiate (5) with respect to t and change 
the results ; 
1/P dP/dt~a-a/K P . (6) 
Repl ce dP and dt with the actual finite 
value ; AP and At, then, the following equation 
is obtained ; 
1/P. AP/At=a-a/K P (7) 
Then, Iet At be I year., so the above equation 
can be rewritten in the following form ; 
AP/P=a-a/K P (8) 
In e equatio  (8), AP/P means the growth 
and developmental ratio, so AP/P can be 
determined from the distance data ; that is, 
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APi/ Pi = (pl+1 ~ Pi )/ Pi 
Let R be AP/P and q be - a/K, and the 
equation (8) can be rewritten in the following 
simple form ; 
R = a + qP (~) 
R and P are given from the distance data, so 
a and q can be determined with least square 
procedure. Then, K can be determined from the 
relation ; q= -a/K. 
For determination of m, the following 
procedure was used. 
Solve the eqtlation (5) with respect to m, then 
the following equation is obtained ; 
m=(K/P- l) exp (at) (10) 
In this equation (10), K and a were already 
determined, and P and t are given as data, so 
each mi can be calculated corresponding to tl ; 
" ' , n, respectively. Then, m can be i=1, 2, ･････-
determined as the mean of mi ; ~mi/n. Now, 
the logistic function can be actually determined 
for the growth and developmental distance 
curve of each attribute. 
Then, the residuals between the actual 
distance and logistic curves were evaluated. 
This residual curve was called as the first 
residual one. If these residuals could be found 
random or significantly small, curve-fitting 
stopped. If not so, the second curve-fitting 
procedure was carried out. 
Tentatively investigating the first residual 
curves of all attributes drawn on display of 
personal computer, one of polynomials, trun-
cated probability and simple vibration 
functions seemed to be applicable to fit them. 
For determination of polynomials, Ieast square 
procedure was used. For determination of ?
truncated probability function ; y = a. expt-b ?
(t -m)2 f , m was estimated by t corresponding to 
maximum y-value ; maximum residual, and let 
c=~(t-m)2/n, so b= 1/(2c2), and a is equal to 
the maximum value of y and corresponds to the 
y-value at t=m. 
For determination of simple vibration 
fu ction, the following procedure was applie.d. 
Let the number of data be n, any given period 
be ,1, t, be time ; age, Pi be the distance value at 
ti ; the observed distance data at ti, and then, Iet 
A and B be as follows ; 
A=2/n~P*cos (2l~/p) t* 
B=2/n~P*sin (27t/p) t* 
(11) 
(12) 
Here, S2=A2+B2 is called as strength of 
a monic analysis. S was calculated for each 
per od p which was integer in the interval 2 ~ 
p ~ n/2 respectively, and the periodic analysis 
graph could be drawn. 
Then, p's corresponding to the peak strength 
were searched. These ,x 's were determined as 
the effective periods, and S is equal ,to the 
amplitude ; a, and let arctan (A/B) be a ; this is 
called as phase angle. Then, the simple 
vibration fu ction can be determined in t, he 
following form ; 
y=a sin {a+(2lt/p)t} (13) 
If several effective p's were found, the equation 
(13) would be compo ed of several simple vibra- . 
tion functions. F r evaluation of A and B in (11) 
and (12), the following algorithm was used. 
Let ,ct be a tentative period, all residuals were 
grouped into p groups ; p muSt be integer and 
p~ (nlp), in uch way as following ; 
Ist group : yl y2 y3 " 'yp 
2nd group : yp+1 yp+2 yp+3 " ' y2p 
pth group : y(p-1)p+1 y(p-1)p+2 y(p-1)p+3 "'ypp 
M1 M2 " 'Mp M3 
Then, Iet the sum f corresponding residuals 
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m each group be M i=1, 2, 3, ...... p ; that rs 
Mi = ~y(j- l)+i. 
Then, put Mi and p into the following 
formulas, and A and B could be determined 
with respect to a given tentative period p . 
A=2/n ~;Mi Cos (2i7zlp), 
B= 2/n ~:Mi Sin (2i7z/,u). 
The periodic analysis graph can be drawn 
with S2=A2+B2 and a tentative p. Actually p 
exists in the interval 2~p~15, so calculation 
must be worked out for 14 p~values and 14 S2 
values drawn. Then, the p~value corresponding 
to. peak S2 was determined as a proper period, 
if S2 is significant statistically. 
Then, the residuals between the first residual 
curve and the curve fitt'ed were evaluated again 
and the second residual curve was determined. 
If the second residuals were found random or 
significantly small, curve fitting stopped, but if 
not so, the curve-fitting procedure was repeated 
in such way that was made in fitting the first 
residual curve. Actually, the third residuals 
were found random and significantly small, so 
curve fitting procedure stopped at the second 
residual curve-fitting. 
These computations and graph drawing were 
worked out with HP-85 personal computer, and 
all programs were made in BASIC by author 
himself . 
3 . Results and findings 
1 ) Running ability ; 100m dash 
Fig. I shows the actual developmental 
distance curve of 100m dash in boy. The 
distance data were given in time, so the curve 
shows the decreasing trend, which is quite 
different in shape from the ones of other two 
abilities inventigated hereafter. However, it 
can be assumed that the nature from which 
10gistic function was derived may be held even 
in running ability, so logistic function was 
attempted to fit to this curve. The determined 
10gistic func ion was as follows ; 
P1 = 13.657/ {1 - 0.413exp ( - 0.105t)} 
The coefficient of exp(- at), which is a 
member of denominator, was negative but it 
was positive for others. This is a unique trait of 
decreasing curve in a family of logistic 
function. Fig. 2 shows the first residual durve. 
This had only one local minimum, so 2nd 
-degree polynomial was tried to fit it. Then, 
he second residual curve was evaluated and 
two local maxima and one local minimum were 
found, so 4th-degree polynomial was attempted 
to fit. However, 2nd-degree and 4th-degree 
polynomials can be combined into one 4th 
-degree polynomial, so 4th-degree polynomial 
was tried to fit the first residual curve. Then, 
the following expression was determined ; 
p2 = - 0.806+ 3~l 47.920E- 6 (t- 1 5.5) + 
12514.765E-7 (t-15.5)2-4554.596E-
7 (t-15.5)3-1116.993E-8 (t-15.5)4 
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Fig. I Developmental distance curve of runn-
ing ability ; 100m dash (boy). 
?
?
?
?
-2 
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Flg. 2 The first residual curve. 
Then, the sedond residuals were computed 
and evaluated. The second residual curve 
seemed to hold a periodical nature, so periodic 
analysis was applied. The strength of periodici-
ty shoivn in Fig. 4 shows that an effective 
period was 14 years, so simple vibration 
function was attempted to fit the second 
residual curve, and the following function was 
determined ; 
P3=0.13009 sin {-0.90368+27ttll4} 
In these equations, t stands for age, but the 
starting age as datum was transferred to I ; t = 
(actual age-starting age + 1). 
Then, the mean residual was 0.0007i0.04294 
sec. that was not significant statistically at 
significance level of 0.001, and it could not be 
assumed the third residual curve holds any 
regularity, so the curve-fitting stopped. As 
shown in Table 1, the mean final residual was O. 
O ~ 0.04 sec., and even the mean of final absolute 
residuals was 0.03~0.03 sec., so considerably 
good fit could be achie~ed. 
Fig. 7 shows both of actual and fitted 
developmental curves of 100m dash for boy, and 
O. 5 sec 
O. 3 
O. 1 
- O. 1 
- o. 3 
- o. 5 
O. 05 
O. 04 
O. 03 
O. 02 
O. O1 
?
Fig. 3 The second residual curve. 
Fig. 4 Strength of perrodicity 
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consid ably good, fit can be noticed intuitively, 
too.Even the mean of final absolute relative 
residuals was only 0.19i0.15%. 
Thus, the developmental distance curve of 
boy's 100m dash t m could be described by the 
composite of logistic function, 4th-degree 
polynomial and simple vibration function witk 
very high precision. The numerator of logistic 
function may show the possible level of 100m 
dash ability to reach, and it could be inferred 
that the assumption from which logistic 
function was derived can be held in the develop-
mental curve of 100m dash for boy. The 4th 
-degre  p lynomial may suggest that the 
velocity curve has three stationary points and 
two points of second derivative of zero. 
l sec 
O. 05 
?
??
-o ??
-o 
05 
.1 
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?
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O. 5 
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- O. 5 
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Fig. 5 The fin l residual curve. 
Flg. 6 The final relative residual curve. 
sec. 
?
Fig. 7 100m dash : boy 
35 age 
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Furthermore the period of simple vibration 
function seemed to suggest that one develop-
mental cycle may start at 6 years of age and 
finish at 20 for boy. What each of constants 
included in these three functions may suggest 
was not so clearly interpreted. Particularly, 
constants of polynomial could not be inter-
preted. 
Fig. 8 shows the developmental curve of 100m 
dash from 6 to 30 years old in girl. For the first 
place, just like boy's case, Iogistic function was 
attempted to fit, but the determined logistic 
unction was found discontinuous at two speci-
fic points, so it was judged that logistic function 
could not be appropriate. The curve shown in 
Fig. 8 seemed to have one point of zero second 
der vative, so 3rd-degree. polynomial was 
attempted and the first residual curve showed a 
nature f periodic function, as shown in Fig. 9. 
Then, periodic function of period 12 was 
attemped and the 2nd residual curve was 
dete mined. This i  shown in Fig. 10. This had 
three local m nim  and two local maxima, so 
6th-degre  polynom al was likely to be optimal 
Table 1 Actual and fitted distance values of running ability : 
and final residuals and relative residuals (boy). 
lOOm dash, 
AGE AD FD FR FR% FAS ?
24 . OO 24 . 09 - . 09 - . 39 . 09 
22 . 46 
?
22 . 47 . Ol . 05 . O1 ?
21 . 07 21 . 09 - . 02 - . 11 . 02 19 . 93 . OO ? 19 . 93 . OO . OO 10 18 . 87 8 . 2 - . 05 - . 27 . 05 
11 17 . 98 18 . 03 . 05 - . 05 - . 29 12 17 . 22 17 . 24 - . 02 - , 14 . 02 
16 . 54 13 16 , 62 . 08 . 46 . 08 
14 15 . 95 15 . 93 . 02 . 14 . 02 
15 15 . 33 . 07 15 . 40 - . 07 - . 44 16 14 . 85 14 . 95 - . 10 - . 71 . 10 17 14 . 56 14 . 60 . 04 - . 04 - , 28 18 14 . 32 . O1 14 . 33 - .O1 - . 10 19 14 . 15 14 . 15 - . OO - . OO . OO 20 14 . 06 14 . 04 . 02 , 16 . 02 
21 14 , 02 13 . 98 . 04 . 04 . 28 22 14 . OO 13 . 97 . 03 . 03 . 24 23 14. OO 13 . 98 . 02 . 02 . 17 24 14 . OO l 4 . OO . OO . 02 . OO 
25 14 , O1 14 . 02 - .Ol - . 07 . O1 
26 14 . 02 14 . 04 - . 02 - . 13 . 02 
27 14 . 06 14 . 05 . O1 . 05 . O1 
28 14 . 09 14 . 07 . 02 , 16 . 02 
29 14 . 12 14 . 09 . 03 . 03 . 23 30 14 . 16 14 . 12 . 04 . 29 . 04 
14 . 20 14 . 16 . 04 . 25 
14 . 25 14 . 22 . 03 . 18 
33 14 . 30 . O1 14 . 29 , O1 . 06 14 . 35 14 . 36 - .O1 - . 04 35 14 . 42 14 . 40 . 02 . 13 . 02 
- .OO - . OO 
. 04 . 25 
. AD : Actual distance, FD : Fitted dis~ance. 
FR : Final residuals, FR% : Final relative residuals : FR/AD * 100, 
FAR : Final absolute residuals. 
FAR% : Final relative absolute residuals : FAR/AD * 100. 
FAR% 
. 39 
, 05 
. Il 
, OO 
. 27 
. 29 
, 14 
, 46 
. 14 
, 44 
, 71 
. 28 
, 10 
. OO 
, 16 
, 28 
. 24 
, 17 
, 02 
, 07 
. 13 
. 05 
, 16 
, 23 
. 29 
, 25 
. 18 
, 06 
, 04 
, 13 
. 19 
, 15 
to describe it, and 3rd-and 6th-degree poly-
nomials can be combined into one 6th-degree 
one, so 6th-degree polynomial was really 
attempted to fit the curve shown in Fig. 8. 
Then, the first residual curve was obtained, as 
shown in Fig. 11. This curve seemed to show 
some weak nature of periodic function, so 
strength of periodicity was tested. The period 
of 6 years was found effective, as shown in Fig. 
12, so simple vibration function was attempted 
to fit the first residual curve 'shown in Fig. 11. 
After all, the final residual and relative 
residual curves are shown in Fig. 13 and Fig. 14. 
30 se c . 
28 
26 
24 
22 
20 
18 
16 
14 
12 
10 
Fig, 8 
??
??
??
- O. 
?
?
?
?
?
?
?
?
?
?
Developmental distance curve of runn-
ing ability ; 100m dash (girl). 
??
??
?
?
?
?
?
sec . 
Fig. 9 
sec . 
The first residual cur¥'e. 
- O. 
- o. 
- o. 
Fig, lO 
JLL 
The s*econd res*idual cur¥'e. 
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All of final residuals were very small, and the 
mean f final residuals was 0.0i0.3 sec., and 
even the one of final absolute residuals 0.2i 0.2 
sec.. The mean of relative final absolute 
esiduals was only 0.1li0.08%. Thus, it was 
concluded that the developmental curve of 
100m dash could be described by the composite 
function of 6th-degree polynomial and simple 
vibration fu ction of period 6 with considerably 
O. 1 
O. 05 
?
O. 05 , 
- O. 1 
sec . 
Fig. Il The first residual curve. 
O. 005 
O. 004 
O. OO3 
O, 002 
O. OO1 
?
0,l 
O, 05 
?
O. 05 
-0.l 
Fig. 12 
sec . 
Strength of periodicity 
0,4 
0.2 
?
-0.2 
-0,4 
Fig, 13 
~~ 
The final residual curve. 
Fig I~ The final relative residual cur¥'e. 
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high precision. 
as follows ; 
Two functions determined are 
P* = 18776.610E- 3 + 23426.183E + 5 (t - 15. 
5) = 6222.272E - 6 (t - 15.5)2 - 3097. 
500E - 6 (t- 15,5)3 + 36611,622E- 8 (t-
15.5)4 - 2940.837E -1 O (t - 15.5)= - 8467. 
991E- 10 (t-15.5)6 
P, = 0.03220 sin (-0.52410 +21Tt/6) 
Both of actual and fitted curves are shown in 
Fig. 15. Even intuitively, considerably good fit 
can be recognized and Table 2 shows that the 
final residuals were very small and also good fit 
could be accomplished. In girl's developmental 
curve of 100m dash, Iogistic function was not 
included in its composite function. This may 
suggest that the assumption from which logistic 
function was derived cannot be held as in boy. 
Although a simple vibration function was 
30 
29 
28 27 
??
??
18 
17 
16 
15 
14 
13 
12 11 
s ec . 
?
Fig. 15 00m dash : girl 
30 age 
Table 2 Actual and fitted distance values of running ability : 
and final residuals and relative residuals (girls). 
100m dash, 
FR% AD FD ' FR 
25 . 50 25 . 57 - . 07 - . 28 
23 . 57 23 . 51 . 06 . 26 
21 . 80 21 . 77 . 03 . 15 
20 . 38 20 . 33 - . 05 - .22 
19 . 30 19 . 35 - . 05 - . 23 
18 . 65 18 . 66 - . Ol - . 07 
18 . 30 18 . 27 . 03 . 17 
18 . 10 18 . 09 . O1 . 08 
18 . 04 - . OO 18 . 04 - . 03 
18 . 11 . O1 18 . 12 . 03 
18 . 31 18 . 28 . 03 . 16 
18 . 52 . 03 18 . 55 . 14 
18 . 78 18 . 79 - .O1 - . 07 
19 . 03 - . 03 19 19 . OO . 03 - . 18 19 . 22 - . 04 19 . 18 - . 19 19 . 35 - . OO 21 19 . 35 . OO - .O1 19 . 47 22 49 02. 02 . 08 19 . 62 19 . 60 . 02 . 08 24 19 . 74 . OO 19 . 74 . OO . O1 19 . 85 19 . 86 - . O1 - . 03 26 19 . 95 . OO 19 . 95 - . OO - . OO 27 20 . 04 . 02 20 . 06 . 02 . 09 20 . 15 . O1 28 20 . 16 . O1 . 04 20 . 27 29 20 . 26 . O1 - . O1 - . 06 20 . 35 20 . 34 . O1 . 04 
- . OO - . O() 
. 03 . 14 
AD : Actual distance, FD : Fitted distance. 
FR : Final residuals, FR% : Final relative residuals : FR/AD * lOO. 
FAR : Final absolute residuals. 
FAR% : Final relative absolute residuals : FAR/AD * lOO. 
FAR% 
, 28 
, 26 
, 15 
. 22 
, 23 
, 07 
, 17 
. 08 
. 03 
, 03 
. 16 
, 14 
. 07 
. 18 
, 19 
, O1 
. 08 
, 08 
, O1 
, 03 
, OO 
, 09 
. 04 
. 06 
, 04 
. 11 
. 08 
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included, its period was different from that of 
boy, and also the degree of polynomial was 
higher than that of boy. The mathematical 
nature of developmental curve represented by 
10gistic function and 4th-degree polynomial for 
boy was likely to be described by 6th-degree 
polynomial for girl. Therefore, it could be 
suggested that boy is quite different in nature of 
the developmental trend of 100m dash from girl. 
2 ) Jumping ability ; running long jump 
Fig. 16 shows the developmental curve of 
jumping ability measured by running long jump 
in boy. It shows a common trend of develop-
ment in physical fitness ; that is, it increases as 
age increases, and reaches a peak level and 
thereafter starts to decrease. First of all, 
logistic function was attempted to it, and the 
first residual curve shown in Fig. 17 was 
determined. This was very like a truncated 
probability curve in shape, although some 
negative ordinates existed. Thus, a truncated 
probability function was fitted to it, and the 
500 cm 
450 
400 
350 -
300 
250 
200 
150 
1 OO 
50 
Fig. 16 Developmental distance curve of 
jumping ability ; running long jump 
(boy). 
second residual curve was determined. It is 
shown in Fig. 18. This curve seemed to have 
four points showing the second derivative of 
ze, ro, so 6th-degree polynomial was attempted 
to fit t  it. Then, the third residual curve shown 
in Fig. 19 was obtained, This curve seemed not 
to hold any regularity and the mean of residuals 
was -0.3~ 4.97 cm and even the one of absolute 
residu ls 3.08~3.9 cm. They were larger than 
those f 100  dash time, but the raw residual 
mean w s not signi.ficant statistically. 
Although both raw and relative residuals in the 
term bef re 16 years old were larger than those 
fter 17 yea s of age, this curve could describe 
20 cm ?
- 20 
- 40 
- 60 
-80 
1 OO 
20 
15 
10 ?
?
- 10 
- 15 
- 20 
Fig, 18 The second residual curve. 
cm 
Fig. 19 The final residual curve, 
220 
1 90 
l 60 
1 30 
lOO 
70 
40 
10 
- 20 
cm 
-~L . -LLJJ:JJ~J~ 
Fig. 17 The first residual curve. 
20 ~ 
15 
10 ?
?
-5 
- 10 
- 15 
-~0 JLLI IJ JJ I LL I i ' I I I LLI ~ I LJ-J~J~J-LJ 
Fig. 2O The final relative residual curve. 
- 260 -
the portion of curve after the peak level -4489.473E-8(t-15.5)5+91748. 
reached at 17 years old with considerably good 244E- 10 (t-15.5)6 
precision. Therefore, it was concluded that the 
developmental curve of running long jump Then, the statistics of final residuals are 
could be described with the composite of the shown in Table 3. The degree of fit was not so 
follovving three functions ; good as that of 100m dash, but it might be 
realized that overall residuals were small 
Pl = 451.59 194/ {1 + 64. 1559 exp ( - O. enough except the term before 6 years old. Fig. 
35372t)}, 21 shows both the actual and fitted curves in the 
P2=212.61368exp{-0.1101 (t-7)2}, term over 3 and 32 years old in boy. 
P3= 52720E-4 - 1685.267E-3 (t-15.5) + Fig, 22 shows both the actual developmental 
17093.255E= 5 (t - 15.5)2 + 27074.004E and fitted curves in the term over 3 and 32 years 
-6 (t-15.5)3-3837.900E-6 (t-15.5)4 old in girl, and Table 4 shows the statistics of 
Table 3 Actual and fitted distance values of jumping ability : running long 
jump, and final residuals and relative residuals (boy), 
AGE FD AD FR FR% FAR FAR% ?
97 . 67 l09 . 11 - Il . 44 - Il . 71 n . 44 11 . 71 ?
135 . 33 145 . 59 - 10 . 26 - 7 . 58 lO . 26 7 . 58 
5 181 . 33 181 . 99 - . 66 . 66 - . 36 . 36 ?
230 . 62 216 . 88 13 . 79 5 . 98 13 . 79 5 . 98 ?
259 . OO 249 . 54 9 . 46 3 . 65 9 . 46 3 . 65 ?
283 . OO 279 . 89 3.11 1 . 10 3.11 1 . 10 ?
305 . 67 308 . 31 - 2 . 64 - .86 2 . 64 . 86 
10 328 . 67 335 . 30 -6.63 -2 . 02 6 . 63 2 . 02 
ll 352 . 33 361 . 17 - 8 . 84 -2.51 8 . 84 2 . 51 
12 380 . 33 385 . 75 -5.42 - I . 42 5 . 42 1 . 42 
13 408 . 67 408 . 31 . 36 . 09 . 36 . 09 
14 432 . 67 427 . 81 4 . 86 1 . 12 4 . 86 1 . 12 
15 448 . OO 443 . 31 4 . 69 1 . C5 4 . 69 1 . 05 
16 457 . OO 454 . 38 2 . 62 2 . 62 . 57 . 57 
17 462 . OO 461 . 23 . 77 . 17 . 77 . 17 
18 464 . 33 464 . 60 - .27 . 27 . 06 
19 464 . 67 465 . 45 - . 78 - . 17 . 78 . 17 
20 464 . OO 464 . 77 - . 77 . 77 - . 17 . 17 
21 462 . 62 463 . 32 .65 .14 - . 65 -.14 
22 461 . 62 461 . 33 - .29 - . 06 . 29 . 06 
23 459 . 89 459 . 67 - .22 - . 05 . 22 . 05 
24 458 . OO 458 . 16 - . 16 - . 04 . 16 . 04 
25 456 . OO 456 . 32 - . 32 - . 07 . 32 . 07 
26 454 . OO 454 . 16 - . 16 - . 04 . 16 . 04 
27 451 . 33 451 . 55 - . 22 - . 05 . 22 . 05 
28 448 , 33 448 . 42 - . 09 - . 02 . 09 . 02 
29 444 . 89 445 . OO . 11 . 03 . 11 . 03 
442 . 3g 441 . 34 30  99 . 22 . 99 . 22 
31 439 . 33 438 . 48 . 85 . 19 , 85 . 19 
32 437 . 41 4".6 . 33 - I . 08 - .25 1 . 08 . 25 
MEA¥ - . 31 3 . 08 - .45 l . 39 SD 4 . 97 2 . 92 3 . 90 2 . 6C 
AD : Actual distance, FD : Fitted distance. 
FR : Final residualsi', FR% : Final relative residuals : FR/AD * 100. 
FAR : Final absolute residuals 
FAR~ : Final relative absolute residuals : FAR/AD * 100. 
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Fig. 21 Running long jump boy 
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Flg. 22 Running long jump : girl 
Table 4 Actual and fitted distance values of jumping ability : 
jump, and final residuals ahd relative residuals (girl). 
running long 
AGE AD FD FR FR% FAR ? 91 . 67 6 . 02 97 . 69 -6.02 -6.56 ? 126 . 33 131 . 24 -4.91 - 3 . 88 4 . 91 ? 165 . 67 . 06 165 . 61 . 06 . 04 ? 209 . 62 200 . 27 9 . 40 9 . 404 . 48 ? 236 . 67 233 . 23 3 . 44 3 . 44 1 . 45 ? 259 . 67 262 . 20 - 2 . 58 . 97 ?
281 . 33 285 . 54 -4.21 -1.50 4.21 
10 298 . 62 302 . 75 - 4 . 08 - I . 36 4 . 08 
321 . OO 11 314 . 34 2 . 34 - 2 . 34 - . 75 12 320 . 62 21 . 51 - . 84 - . 26 . 84 
13 326 . 33 325 . 63 . 70 . 70 , .22 329 . 67 14 327 . 91 1 . 76 . 53 1 . 76 
15 330 . 67 329 . 27 1 . 40 . 42 1 . 40 
16 331 . 33 330 . 21 1 . 12 . 34 1 . 12 
17 331 . 67 330 . 83 . 84 . 25 . 84 
18 331 . 67 330 . 96 . 71 . 22 . 71 
19 331 . 33 330 . 46 . 87 . 26 . 87 
20 330 . 67 329 . 60 1 . 07 . 32 1 . 07 
21 330 . OO 328 . 91 1 . 09 . 33 1 . 09 
22 328 . 67 328 . 76 - . 09 - . 03 . 09 
23 327 . OO 328 . 92 -1.92 - . 59 1 . 92 
325 . OO 24 328 . 60 - 3 . 60 -1.11 3.60 
25 323 . 33 326 . 91 - 3 . 58 3 . 58 -1.ll 26 321 , 67 323 . 50 - I . 83 1 . 83 - . 57 27 319 . 67 318 . 91 . 76 . 76 . 24 28 317 . 33 314 . 37 2 . 96 2 . 96 . 93 29 315 . OO 311 . 17 3 . 83 3 . 83 1 . 22 30 312 . 67 309 . 67 3 . OO 3 . OO . 96 31 310 . OO 308 . 64 1 . 36 1 . 36 . 44 32 307 . OO 304 . 87 2 . 13 . 69 2 . 13 
MEAN . 02 - . 18 2 . 41 SD 3 . Il I . 96 l . 76 
AD : Actual distance, FD : Fitted distance. 
FR : Final residuals, FR% : Final relative residuals : FR/AD * 100. 
FAR : Final absolute residuals, 
FAR% : Final relative absolute residuals : FAR/AD * 100. 
FA % 
6 . 56 
3 . 88 
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final residuals obtained by fitting the composite 
function of following three functions 
determined by the same way as employed in 
boy ; 
P*=324.56396/{1+1172.07290exp (-O. 
42775t)}, 
P. = 293.2007lexp { - 0.01825 t - 10)'} , 
P3 = 29820.755E- 3 + 11813.589E - 4 (t - 15. 
5) -7872.608E- 4 (t- 15.5)'- 2407. 
815E - 5 (t- 15.5)3 + 66792.806E - 7 (t-
15.5)4 + 71009.928E- 9 (t - 15.5)5 - 1757. 
336E-8 (t- 15.5)" 
Then, the statistics of final residuals are 
shown in Table 4. The means of raw residuals 
and absolute ones were -0.02~0.49 cm and O. 
39~1~0.30 cm, respectively. Therefore, it could 
be concluded that the degree of fit was much 
better than that of boy, although rather large 
residuals were found in the two terms before 11 
years of age and after ~3. 
3 ) Throwing ability ; softball throw for 
distance 
Fig. 23 shows the actual developmental curve 
of throwing ability measured by softball throw 
for distance. As employed in running and 
jumping ability, Iogistic function was attempted 
to fit it for the first. Then, the first residuals 
were evaluated and Fig. 24 shows the first 
residual curve. This curve was very much 
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?
Fig. 
m* 
23 Developmental distance curve of 
throwing ability ; softball throw for 
distance (boy). 
s milar in shape to truncated probability one, so 
the probability function was attempted to fit it. 
The second residual curve is shown in Fig. 25. 
This seemed to have two local maxima and one 
local minimum, so 4th-degree polynomial was 
chosen to describe the 2nd residual curve. 
Then, the third residuals were evaluated and 
they were drawn in curve. This curve seemed 
not to hold any regularity and the residuals 
were small, such that the maximum absolute 
residual was 1.07m and the residual mean 
was -0.02~0.49 m, that wzis not statistically 
significant, so curve-fitting procedure stopped. 
Thus, the final residuals were evaluted and they 
were found small enough as mentioned pre-
cedingly. Even the mean of relative residuals 
was 1.25+1.12%, as shown in Table 5. Table 5 
shows that considerably good fit was found in 
th  term after 16 years old, but its degree of fit 
was a little worse b fore 16 than after 16. Fig. 
28 shows th  actual developmental curve and 
the fitted curve. The fitted curve seemed to 
show good fit intuitively. Therefore, it was 
inferred that the developmental curve of throw-
ing ability could be described by the composite 
function of ogistic and truncated probability 
50 m 
40 
30 
20 
10 ?
- 10 
?
?
-1 
-4 
- 10 
m 
Fig. 24 The first residual curve, 
Fig, 25 The second residual curve. 
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Fig．26The　fina1residual　curve．
1
一1
一2
Fig．27
．∫
The　final　relative　residua1curve．
Tab1e5Actual　and　fitted　distance　va1ues　of　throwing　ability：softba1l
throw　for　distance，and　final　residua1s　and　relative　residuals（boy）．
　AGE　　　　　　AD　　　　　FD　　　　　FR　　　　FR％　　　　FAR
　　　34，704．80一．10－2．16．10　　　4　　　　　　　　　　6，50　　　　　　　6．69　　　　　　一．19　　　　　－2．98　　　　　　　　．19
　　　5　　　　　　　　　　　8，77　　　　　　　9，07　　　　　　一、30　　　　　　－3．44　　　　　　　　．30
　　　6　　　　　　　　　　11．90　　　　　　12，04　　　　　　一．14　　　　　－1．20　　　　　　　　．14
　　　715．8315，67，161．04．16　　8　　　 　　　　　　20．70　　　　　　19，92　　　　　　　　 78　　　　　　　3．75　　　　　　　　．78
　　　925．7024，71，993．86．99　　10　　　　　　　　　30．57　　　　　　29，82　　　　　　　　，75　　　　　　　2．47　　　　　　　　．75
　　11　　　　　　　　　　35．03　　　　　　34．97　　　　　　　　．06　　　　　　　　　16　　　　　　　　．06
　　12　　　　　　　　　　39．27　　　　　　39．87　　　　　　一．60　　　　　－1．52　　　　　　　　．60
　　13　　　　43．13　　44．20　　－1．07　　－2，48　　　1．07
　　14　　　　　　　　　　46．70　　　　　　47，75　　　　　　－1．05　　　　　　－2，25　　　　　　　1．05
　　15　　　　　　　　　　49．70　　　　　　50．43　　　　　　一．73　　　　　　－1．48　　　　　　　　．73
　　16　　　　　　　　　　52．07　　　　　　52．31　　　　　　一．24　　　　　　　一．45　　　　　　　　．24
　　17　　　　　　　　　　53．67　　　　　　53．55　　　　　　　　．12　　　　　　　　．22　　　　　　　　．12
　　18　　　　　　　　　　54．77　　　　　　　54．39　　　　　　　　　．38　　　　　　　　　，69　　　　　　　　　．38
　　19　　　　　　　　　　55．53　　　　　　55．02　　　　　　　　．51　　　　　　　　，93　　　　　　　　．51
　　20　　　　　　　　　55．87　　　　　　55．48　　　　　　　　．39　　　　　　　　，69　　　　　　　　．39
　　21　　　　　　　　　56．O0　　　　　　55．76　　　　　　　　．24　　　　　　　　，44　　　　　　　　．24
　　22　　　　55．90　　55．77　　　．13　　　，23　　　．13
　　23　　　　　　　　　　55．70　　　　　　55．50　　　　　　　　．20　　　　　　　　．36　　　　　　　　．20
　　24　　　　　　　　　　55．23　　　　　　54．98　　　　　　　　．25　　　　　　　　．45　　　　　　　　．25
　　25　　　　　　　　　　54．60　　　　　　54．31　　　　　　　　．29　　　　　　　　，54　　　　　　　　．29
　　26　　　　　　　　　　53．70　　　　　　53．55　　　　　　　　．15　　　　　　　　．29　　　　　　　　　15
　　27　　　　　　　　　　52．70　　　　　　52．74　　　　　　一．04　　　　　　　一．07　　　　　　　　．04
　　28　　　　　　　　　　51．60　　　　　　51，89　　　　　　一．29　　　　　　　一．55　　　　　　　　．29
　　29　　　　　　　　　　50．50　　　　　　50．96　　　　　　一．46　　　　　　　一．90　　　　　　　　．46
　　30　　　　　　　　　　49．37　　　　　　49．90　　　　　　一．53　　　　　　－1．07　　　　　　　　．53
　　31　　　　　　　　　48．27　　　　　　48．65　　　　　　一．38　　　　　　一．79　　　　　　　　．38
　　32　　　　　　　　　　47．13　　　　　　47．15　　　　　　一．02　　　　　　一．05　　　　　　　　．02
MEAN　　　　　　　　　　　　　　一．02　　　一．18　　　　．39
SD　　　　　　　　　　　　　　　　　．49　　　1．67　　　　．30
AD：Actua1distance，FD：Fitted　distance．
FR：Final　residua1s，FR％：Final　relative　residua1s：FR／AD＊100．
FAR＝Final　abso1ute　residua1s．
FAR％＝Fina1relative　absolute　residua1s：FAR／AD＊100．
FA ％
　　2，16
　　2，98
　　3，44
　1，20
　　1，04
　　3，75
　　3，86
　　2．47
　　　，16
　1，52
　　2，48
　　2，25
　　1．48
　　　．45
　　　．22
　　　．69
　　　．93
　　　．69
　　　．44
　　　．23
　　　．36
　　　．45
　　　．54
　　　．29
　　　．07
　　　．55
　　　，90
　　1．07
　　　．79
　　　，05
　　1，25
　　1．12
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functions and 4th-degree polynomial, 
determined functions are as follo¥vs : 
and the 
Pl = 52.56438,,' {1 + 1391 ,1412exp ( - O. 
40669t)}. 
P2 = 43.10'~922exp{ - 0.1806 (t - 13)2}, 
P3=0.629-3019.270E-6 (t-15.5)+77322. 
30/~E - 7 (t- 15.5)2 - 1266.822E- 8 (t-
15.5)3 - 1016.652E- f* (t - 15.5)+ 
For girl, the same procedures ~vere applied 
and the final results are sho¥vn in Table 6, but 
the data a¥'ailable ¥vere found o¥'er 3 and 25 
years of age because of lack of data. The mean 
residual ¥vas -0.00~0.26 m and the maximum 
absolute residual ~vas only 0.5 7 m at 8 years old, 
Howe¥rer, the relative residuals seemed to be 
larger in the term before 12 years of age 
compared ¥vith the one after that age. Thus, it 
could be inferred that the degree of fit was 
much better in the term after 12 years old than 
before 12. This ~vas the case in boy, too. 
Particularly in the term over 3 and 8 years of 
70 m 65 ~ 
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Fig. 28 
32 age 
Softball throw for distance : boy 
Table 6 Actual and fitted distance values of thr0~~'ing ability : softball 
thro¥v for distance, and final residuals and relative residuals (girl). 
AGE AD FD FR ･ FR% FAR FAR% ?
3 . 20 3 . 55 ~ . 35 - 10 . 97 . 35 10 . 97 
4.27 3 . 96 7 . 28 
?
. 31 7 . 28 . 31 
5 5 . 40 4 . 99 .41 7 . 63 . 41 7 . 63 ? 6 . 80 6 . 60 . 20 2 . 94 . 20 2 . 94 
7 8.47 8 . 71 - .24 - 2 . 82 . 24 2 . 82 ? 10 . 60 ll.17 - ~ , ~7 - 5 . 42 . 57 5 . 42 ?
13 . 40 13 . 82 - .42 -3.11 . 42 3 . Il 
10 16 . 47 16 . 43 . 04 . 24 . 04 . 24 
19 . 30 18 . 82 11 . 48 2 . 49 . 48 2 . 49 
12 21 . 20 20 . 81 . 39 l . 86 , 39 l . 86 
l 3 22 . 43 22 . 28 . 15 . 68 . 15 . 68 
23 . 10 23 . 20 14 - . 10 . 10 - .41 . 41 
15 23 . 43 23 . 61 - . 18 - . 75 . 18 . 75 
16 23 . 43 23 . 62 - . 19 - .82 . 19 . 82 
17 23 . 27 23 . 38 - . 48 . 48 - . 11 . 11 
18 23 . OO 23 . Ol - . O1 - . 03 . O1 . 03 
19 22 . 67 22 . 59 . 08 . 37 . 08 . 37 
20 22 . 27 22 , 16 . 11 . 51 . I l . 51 
21 . 80 21 21 . 73 . 07 . 07 . 34 . 34 
22 21 . 27 21 . 28 - . 06 . O1 - .O1 . 06 
23 20 . 73 20 . 81 - . 08 - . 39 . 08 . 39 
24 20 . 23 20 . 30 - . 07 - . 33 . 07 . 33 
25 19 . 80 19 . 74 . 06 . 32 . 06 . 32 
~lE A ¥ - .OO - . 04 . 20 2 . 19 
SD . 26 3 . 61 , 16 2 . 87 
AD : Adtual distance, FD : Fitted distance. 
FR : Final residuals, FA% : Final relative residuals : FR/AD * 100. 
FAR : Final absolute residuals. 
FAR% : Final relative absolute residuals : FAR/AD * 100. 
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age, the final relative residuals ; FAR%, were 
larger than in the other terms. This was also 
the case in boy, although they were smaller 
than those in girl. Thus, it was concluded that 
the developmental curve of throwing ability 
measured by softball throw for distance was 
described by the composite function of logistic 
and, truncated probability functions and 4th 
-degree polynomial. These three functions are 
as follows ; 
30 
28 
26 
24 
22 
20 
18 
16 
14 
12 
10 ?
?
?
?
P* = 22.60696/{1 + 50.94803exp ( -0.3850t)}, 
P, = 10.57915exp{ - 0.02851 (t-9)2}, 
P3 = - 0.045 + 1 1342.835E - 5(t - 15.5) -
1890.863E-5(t-15.5)'-2424.157E-6 
(t-15.5)3+10690.706E-8 (t-15.5)4 
m 
Fig. 29 Softball throw for distance : girl 
From general understandings on the under-
laid ability to perform throwing, it has been 
established that a certain significant difference 
exists between the term before 8 years of age 
and thereafter ; that is, coordination would 
influence to it more before 8 years of age than 
after then, and power and/or explosive strength 
would influence to it more after 8 years of age 
than before then. Although its developmental 
trend can be drawn by a certain continuous 
curve, but the implications that the two 
portions of curve hold are quite different in 
nature. As long as the curves implied, the 
portions of curves which show the develop-
mental processes that power and/or exposive 
trength influenc more to the performance 
could be described with higher degree of 
precision. This was the case in all kinds of 
motor abi ities investigated in this study, 
although the relative precisions were different 
between the it ms. 
Thus, the developmental distance curves of 
jumping a d throwing abilities could be fitted 
with considerably high precision by the compo-
site of logistic function, one of 4th or 6th -
degree polynomial and truncated probability 
function in both sexes, but that of running 
ability by the the composite of logistic, simple 
vibration functions and 4th-degree polynomial 
in boy, and by the comptsite of 6th-degree 
polynomial and simple vibration function in 
girl. 
The largest mean of relative absolute 
residuals was 2.19% for softball throw in girl, 
and the largest relative absolute residual was 
11.71% in running long jump at 3 years of age in 
boy, but the largest one was 4.73% in the term 
over 6 and 30 years of age. 
The largest relative absolute residual was O. 
71% at 16 years old for 100m dash, 1･1.71% at 3 
years old for running long jump, 3.86% at 9 
years old for softball throw in boy, and 0.28% at 
6 for 100m dash, 6.56% at 3 for running long 
jump, and 10.97% at 3 for softball throw in girl. 
Thus, it could be concluded that the composite 
of tw  or three of these mathematical functions 
showed considerably good fit to the develop-
me tal distance urves of motor abilities 
chos n in this study.
L gistic function and polynomials were 
included in ll developmental distance curves 
with one exception of girl's 100m dash, so it 
could be inferred that a certain common 
charact ristics of them might be explained by 
these two mathematical functions. The
assumption from hich logistic function is 
deriven ; that is, the developmental velocity is 
proport onal to the developmental distance and 
its proportional coefficient decreases in pro-
po tion to distance, was held in most develop-
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mental distance curves. However only logistic 
function could not describe the developmental 
distance curve as a whole. Count, E. W. (1943), 
Marubini, E. et al, (1971, 1972) fitted single 
10gistic function successfully to the distance 
curve in the adolescence. Thus, only logistic 
ftinction may show good fit to the distance 
curve only in some s~ecific short term, and its 
characteristics can be explained explicitly by 
only logistic function. However, the character-
istics of logistic function may be involved 
implicitly in the long-term developmental 
dist,ance curve, as investigated precedingly in 
this study. Several attempts of fitting the 
polynomial have been reported, as reviewed in 
introduction, but they did not fit it to the 
residual curve but attempted to fit it to only a 
certain short-term distance curve. It is natural 
that polynomial can not describe the long-term 
growth and developmental distance curve 
because of their latent traits concerning 
stationary points. However., the fact that 4th or 
6th degree polynomial was involved in all 
curves showed that they have a certain 
characteristics of these polynomials implicitly. 
Tanner; J. ML (1976) reported that 3rd-degree 
polynomial showed the best fit to the stature 
growth distance curve only in the short term. It 
dan be easily inferred that it can not be applied 
to the long-term distance curve. Considering 
the fact that growth and developmental veloci-
ty curve has two local maxima and one local 
minimum ; e. g., the velocity is large in early 
childhood and decreases up to the pre-adole~-
cence, reaches the minimum, increases at 
adolescent spurt term, reaches the peak veloci-
ty, and finally decreases thereafter. This trait 
of developmental velocity agrees with the 
latent trait of 4th-degree polynomial. And the 
veldcity curves hold three stationary points dr 
three or four points of inflexion in the term 
studied, so this triat may indicate inclusion of 
either of 4th. or 6th-degree polynomial as an 
effective element of the composite function. 
Furt･hermore, Bock, R. D. et al. (1973) 
attempted to fit he double logistic function, 
which consisted of two components of logistic 
func ion, to the stature growth curve, but it 
could easily be inferred that polynomial is much 
better because of characteristics of growth 
velocity curve. But Bock's idea that one 
10gistic function was attempted to fit to original 
curve for the firs  place and another logistic 
function was tried to fit to the residual curve 
for second place suggested the rationale of the 
procedure taken in this study. 
No attempts of using the simple vibration 
function has been reported so far. However a 
great deal of improvement was found in the 
precision of fitting curve by using it in 100m 
ash. Their periods suggests that one cycle of 
developmental trend may end at 20 years old 
for boy and 12 for girl. 
In running long jump and softball throw, a 
type of truncated probability function was 
involved instead of simple vibration function. 
T e developmental distance curve was the 
decreasing one in 100 m dash, but logistic 
function was involved as an effective function 
o ly in boy. However, m-value of m exp (-at) 
in logistic function was negative. This was 
qu e na ural mathematically, but it was very 
suggestive finding that the latent characteristic 
of logistic funct on was still held even in the 
distance curve of 100m dash, which was quite 
different in shape from others. 
4. Conclus ons 
F r fitting mathematical functions to the 
developmental dis ance curve of 100m dash, 
running lon~ jump and softball throw, Iogistic 
function was fitted to them for the first place, 
and polynomials or a type of truncated proba-
bility function to the first residual curves for 
the second place, and polynomials or simple 
vibration furiction to the second residual curves 
for the third place. Then, the following 
conclusions were induced. 
1 . It could be inferred that the characteris-
tics of logistic. function were preserved implicit-
ly in most of developmental distance curves. 
2 . Either of 4th or 6th-degree polynomial 
was also included as an effective function to 
describe all of distance curves. The nature of 
polynomial reflects the fact that the develop-
mental velocity curve has several stationary 
points and points of inflexion. This is why 
polynomial was needed to express the distance 
curves of all physical fitness elements. 
3 . Simple vibration function was involved 
only in the distance curves of 100m dash in both 
sxes. This seemed to reflect certain aspect of 
the characteristics of the developmental veloci-
ty curves, too. 
4 . The developmental distance curves of 
running long jump and softball throw included a 
type of truncated probability function. This 
suggested that it may hold a certain nature 
concerning velocity different from that of 100m 
dash. 
5 . The developmental distance curve 
included logistic function in 100m dash only for 
boy, although it was quite different in shape 
from others.This suggested that the develop-
mental distance curve of 100m dash preserves 
the nature of logistic function as well as others. 
Then, it also included 4th-degree polynomial, 
so this suggested that it preserves the nature of 
polynomial ; e. g., two local maxima and one 
10cal minimum. 
6 . Most of developmental distance curves 
up to 30 years old could be described with 
considerably high precision by the composite of 
three or two functions of logistic function, 
polynomial, and simple vibration function or 
truncated probability function. The third 
residuals were found random and significantly 
small in all cases, so it was concluded that the 
developmental distance curves could be des-
cribed with considerably high precision by 
repetitions of curve-fitting procedure within 
three times. 
7 . A11 mathematical functions applied were 
likely to reflect some nature of the develop-
mental curve of each motor ability attribute. 
?
?
?
?
?
?
7. 
8. 
9. 
10 . 
11 . 
12 . 
13 
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